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It is shown that, by driving an electroahsorption modulator with a dual-frequency RF drive, it is possible to decrease the duty cycle attainable to as little as 3.5%, making it possible to deinultiplev from 40 to 2.5Gbitis using a single device.
Sinusoidally driven electroabsorption (EA) modulators have been shown to be highly effective and compact demultiplexing elements in recent fibre-optic systems experiments involving the transmission of two [I] and four [2] optically time division multiplexed (OTDM) 10GbiUs channels. It has recently been demonstrated that this demultiplexing strategy could also be used in a four channel OTDM system with an aggregate bit rate of XOGbitis [3] , and the feasibility of using an EA modulator to select every eighth channel has also been demonstrated at a lower bit rate [4] . In this Letter we report on an experimental investigation into whether an EA modulator could be used as a demultiplexer in an OTDM system with a high aggregate bit rate (40Gbitis) and a large number of channels (16). To demultiplex from 40 to 2.5Gbit/s, a switching window of the same 15ps duration as used in previous 40Gbitis experiments [2] is required, but at a lower repetition rate of 2.5GHz. This represents a challenge as the switching window of a sinusoidally driven EA modulator is inversely proportional to the drive frequency.
In the past it has been shown that it is possible to reduce the duty cycle attainable from a modulator by driving the device with a combined RF signal consisting of both the fundamental (repetition rate) and first harmonic frequencies. This dual frequency driving technique has been successfully demonstrated in actively modelocked fibre lasers [5] and used to generate lower duty ratio pulses than otherwise possible from EA modulators [6, 71. In our experiments two synchronised frequency synthesisers operating at 10 and 2.5GHz were used to generate sinusoidal driving voltages. These were separately amplified and then mixed together via a variable phase delay. The combined driving signal was fed to the EA modulator along with a DC reverse bias through a biasing network. The fully packaged modulator used had a 3dB, bandwidth of 14GHz, a transparent state fibre-to-fibre insertion loss of 6.3dB, a modulation depth of 38dB and an attenuation rate of -8dBiV (all measured at 1550nm). CW light at 1548nm from a DFB laser diode was coupled through the modulator and the output was monitored on an autocorrelator as the DC bias and Transmission mindow duration limited by resolution of optical sampling oscilloscope amplitudes of the two driving frequencies were adjusted so that the modulator was only in its transmitting state when the peak positive voltages of the two sinusoidal voltages coincided. In this ~val-it was possible to generate short transmission time windows (i.e. pulses) with a repetition rate of 2.5GHz. Fig. 1 shows the pulse train produced plotted on a logarithmic scale as measured using an optical sampling oscilloscope. The measured pulse duration was limited by the resolution of this instrument, but autocorrelation measurements indicated a pulse duration of -14ps (assuming a sech' pulse shape), as would be expected for a lOGHz dribe alone. To demonstrate demultiplexing operation an experimental configuration was set up as shown in Fig. 2 . The output from the lOGHz frequency synthesiser was split in two and half used to drive a second EA modulator-based source which generated -7ps pulses at a repetition rate of IOGHz [SI. The pulses from this source were then split in two and recombined using two 3dB fibre couplers creating pairs of pulses with a variable time delay (provided by fibre stretcher 1) between them. The pairs of pulses were then coupled into the demultiplexing modulator via a second variable time delay (fibre stretcher 2). The output from the demultiplexing modulator was amplified in an EDFA and measured with a scanning background-free autocorrelator. By adjusting fibre stretcher 2 it was possible to arrange for one or the other or neither of the pulse pairs to temporally coincide with the modulator transmission window.
The time delay between the two pulses in a pair was set to 25ps
to simulate two adjacent '1's in a 40Gbitis data stream. This time delay could be calibrated accurately by inspecting the autocorrelation trace. By adjusting fibre stretcher 2 the occurrence time of the transmission window relative to the pulse pair was linearly swept from before the first pulse to after the second pulse. It was found that either one of the two pulses could be completely extinguished and its partner selected. By varying the relative delay between the pulse pair and the transmission window in this way and ensuring high extinction when the transmission window coincided with the interbit period between the two pulses it was possible to confirm torted result due to imperfect synchronisation between the pulses and the modulator transmission window. To measure the limit to this demultiplexing technique the time delay between the two pulses was gradually decreased until it was not possible to completely distinguish one from the other with the demultiplexing modulator. Fig. 3a and h, respectively, show the input and output autocorrelation traces for this maximum data rate. It can be seen that the autocorrelation trace of the demultiplexed pulse is beginning to show signs of shoulders, indicating the onset of breakthrough of the next pulse. Inspecting the demultiplexed output with the optical sampling oscilloscope confirmed that only the 2.5 GHz pulsestream was transmitted by the modulator. The pulse separation in this case was 18.5ps, corresponding to a possible total data rate of 54Gbit/s. This indicates that this system should be capable of demultiplexing from an OTDM data stream with up to 21 channels operating at a base rate of 2.5Gbitis.
In conclusion, we have demonstrated that by driving an electroabsorption modulator with a combination of 2.5 and lOGHz R F signals it is possible to reduce the duty cycle to as little as 3.5%, making it feasible to use just one device to demultiplex a single 2.5Gbit/s channel from a 16 channel OTDM data stream. We have shown that in fact the modulator used in our experiments was capable of demultiplexing single channels from total data rates in excess of SOGbitis, and note that it may be possible to further reduce the duration of the transmission window through the addition of higher harmonic electrical signals, subject to the material and packaging limitations of the EA modulators. The successful fabrication of AlInAsiGaInAs HEMTs, regrown by MBE on patterned asptical waveguide surfaces after the local removal of a previoudy grown photodiode layer stack, is reported. The devices are part of a distributed amplifier within an integrated optoelectronic receiver intended to operate at a 1 S5pm wavelength and at bit rates of 20 and/or 40GbiUs. The performance of the HEMTs is highly comparable to reference devices grown on planar surfaces.
Design and realisation of waveguide integrated AllnAs/GialnAs

Introduction:
The emerging development of fibre-optical networks and fibre-fed cellular mobile communication systems in the wavelength range of 1.3 to 1.55pn demands optoelectronic receivers with high-speed capability and low group delay time scatter. For these applications, travelling, wave amplifiers (TWA) are of increasing interest as the bit rates extend into the 4OGbit/s regime. In particular, a special amplifier concept with ultra-low reflection at the gate line input enables a high sensitivity and reduces fabrication efforts as shown recently [l] . In this Letter, we present the design, fabrication and results of waveguide integrated InP-based AlInAs/GaInAs high electron mobility transistors (HEMT) aimed at this distributed electrical amplifier within an optoelectronic receiver.
Basic design aspects: Corresponding to our receiver design, one of the special requirements on our HEMTs is being able to realise them together with a passive optical waveguide (WG) and a 1.55 pm wavelength pin photodiode (PD) using monolithic integration.
This gives advantages over hybrid circuits such as superior bandwidth performance, reduction of microwave related packaging problems, compactness and high reliability. Additionally, our integration concept, as illustrated in Fig. 1 , allows an individual optimisation of the waveguide integrated PD layer stack [2] and the HEMT layer stack [3] to achieve a high speed performance for both active components. The JBbrication of the devices is based on a two step epitaxial growth, where the waveguide and photodiode
